1. Sperm-whale ferrimyoglobin was found to contain 0.308% of Fe, on a dry weight basis, corresponding to a molecular weight of 18130. The solid takes up moisture to an equilibrium state, and was then assayed to contain 0.280% of Fe. 2. Absorption spectra are presented for acidic ferrimyoglobin, Fe+(H20), and its conjugate base, Fe-OH, as well as for the fluoride and cyanide complexes, within the range 200-2500m,u. Data for ferromyoglobin-carbon monoxide, Fe(II)-CO, in the visible region are also included. 3. Minor spectral differences have been found between whale and horse myoglobins, particularly in the effect of temperature on the visible-absorption spectrum of Fe-OH.
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Comparison of the physicochemical behaviour of a protein in solution with predictions based on its known crystal structure can best be made for sperm-whale ferrimyoglobin. The X-ray diffraction studies of Kendrew et al. (1961) provide the necessary structural data. However, the corresponding physicochemical work on the protein in solution has been carried out mainly on ferrimyoglobin from horse-heart muscle. A systematic kinetic and thermodynamic study of the reactions of sperm-whale ferrimyoglobin in solution would be of value in two ways. It would show to what extent the reactivity of the protein accords with its known crystal structure, and would also make possible the assessment of second-order differences in the properties of myoglobins from different species with their differing basic protein structures. For such studies on solutions, detailed and reliable spectral data are needed, since much of the work involves spectrophotometric techniques. We have therefore obtained, by a standardized and independently calibrated procedure, full absorption spectra for sperm-whale ferrimyoglobin and its common derivatives.
MATERIALS AND METHODS Sperm-whale ferrimyoglobin was purchased as a freezedried salt-free solid from Seravac Laboratories (Maidenhead, Berks.) . This material has been shown by E. S. Awad & A. B. Edmundson (personal communication) to be chromatographically identical, on Amberlite IRC-50, with the material used by Edmundson & Hirs (1962) in their studies of amino acid sequence, and by Kendrew et al. (1961) in their crystallographic work. The present work was * Present address: Department of Chemistry, University of Ibadan, Ibadan, Nigeria.
carried out on the Seravac material without further purification.
The iron content of sperm-whale ferrimyoglobin was determined with and without prior drying. The procedure for dry weight analysis involved drying about 5mg. of myoglobin in an oven at 105°for several hours, followed by taking the weight, Wi, of the sample on an electrobalance (Cahn Instrument Co., Paramount, Calif., U.S.A.; precision to + 0l,utg.) at successive intervals of time from about t=20sec. to constant 'equilibrium' weight, We, which is attained after 20-30min. The dry weight was obtained by linear extrapolation of log (We-W,) to zero time. Samples of the undried solid were weighed in air in the normal manner. In both cases iron determinations were made by an improved phenanthroline micro method (Cameron, 1965) . By using iron-free reagents, the method was standardized by calibration against Mohr's salt, Fe(NH4)2-(SO4)2,6H20, and Oesper's salt, Fe(CH2NH3)2(SO4)2,4H20.
The method was precise to about 1 in 300.
Absorption spectra were measured at 250 (and in some cases also at 40 and 400), within the wavelength range 200-2500m/t with about 300 experimental points. All readings were taken in 10mm. cells against a reagent blank. The spectra at 25°were taken on a Zeiss PMQII spectrophotometer. At other temperatures, the spectra were taken on a Unicam SP. 500 spectrophotometer in which the temperature of the cell compartment was controlled by circulating water from a thermostatically controlled bath. Concentrations of myoglobin in solution were determined with reference to the ferrimyoglobin-cyanide complex, for which the following molar extinction coefficients (M-l cm.-') were obtained by independent duplicate iron determinations: 10*7x 103 at 540mu; llOx 103 at 423m,u.
Acidic ferrimyoglobin, Fe+(H20), was examined at pH6-0 and 1002; its conjugate base, Fe-OH, at pHII-5 and 10-05; the cyanide complex, Fe-CN, at pH7-0 and 10-05; the fluoride complex, Fe-F, at pH6-0 in 1-5M-KF (measurements of the equilibrium constant showed that formation of the complex was 98% complete under these conditions; readings were accordingly corrected from 98 to 100% conversion into Fe-F). The ferromyoglobincarbon monoxide complex, Fe(II)-CO, was prepared by passing pure CO through a solution containing ferrimyoglobin in buffer at pH7.0 with a trace of Na2S204 added, and extinctions were then measured rapidly. Buffer solutions of pH6 and 7 were lOmm-NaH2PO4-NaOH mixtures, and pHll5 was lOmM-Na2HPO4-NaOH mixture, ionic strengths being adjusted with NaCl. All reagents were of A.R. grade, and deionized glass-redistilled water was used throughout.
RESULTS AND DISCUSSION
The results of four determinations of iron in sperm-whale ferrimyoglobin are given in Table 1 Table 2 , which also includes data for Fe(II)-CO in the visible region of the spectrum. Several points arise on comparing these spectra of whale myoglobin with those of horse myoglobin (Hanania, 1953) . As expected, their general characteristics are similar. In fact, the cyanide complexes of the two species have nearly identical spectra, which are insensitive to changes in pH, ionic strength or temperature (from 40 to 400). This presumably implies that strong low-spin bonding at the haematin iron is not favourable to the transmission of charge and 'allied effects' between protein and haem.
On the other hand, minor species differences are observed with the two high-spin compounds Fe+(H20) and Fe-F. Thus whale Fe+(H20) shows 3% stronger absorption in the visible region, and 4-5% weaker absorption in the near ultraviolet, relative to horse Fe+(H20), and whale Fe-F is 4-9% weaker in the visible and 2% stronger at the Soret peak, the protein bands being equal. More- nd at pHll5 and I0O05. Table 2 . Characteristics of absorption spectra of sperm-whale ferrimyoglobin and derivatives at 25°m ax., Maximum at peak; min., minimum; sh., shoulder; e (m-l cm. -0-32 1.0 0.5 over, both compounds exhibit pH effects within the range pH6-7; in the whale compounds this appears as a 2j% fall in absorption at the Soret peak, but in the horse compounds a haem-linked ionization could be inferred only indirectly from the variation of rate and equilibrium constants with pH (George & Hanania, 1955) . A similar pH effect on the spectrum of Fe-F appears as a 10% change at the Soret peak in whale Fe-F and a smaller change in horse Fe-F. The spectra for both whale and horse Fe+(H20) and Fe-F are substantially unaffected by a temperature change from 40 to 400.
SPECTRA OF SPERM-WHALE FERRIMYOGLOBIN
With Fe-OH, the contrast between species is more marked, particularly in the visible region. Thus the characteristic double band in horse alkaline ferrimyoglobin (585 and 594m,t) appears as a band and shoulder in whale alkaline ferrimyoglobin with about 7% stronger absorption in the latter. In this region the effect of temperature is also significant. The comparative data in Table 3 show that with sperm-whale Fe-OH the effect of temperature is more than twice as large as it is with horse Fe-OH. George, Beetlestone & Griffith (1961) have shown from a consideration of the magnetic and spectral properties of horse Fe-OH that the compound is an equilibrium mixture of 70% of high-spin and 30% of low-spin electronic states, and that the transition from high-spin to low-spin bonding is slightly exothermic. No corresponding magnetic data are available for whale Fe-OH, but since the effect of temperature on its spectrum is greater than for horse Fe-OH it may be concluded that a similar electronic transition in whale Fe-OH would be expected to be more exothermic.
Further information and details of spectral data for sperm-whale and horse myoglobins may be obtained from G. 
